The Drosophila C 2 -H 2 -type zinc-finger transcription factor CF2 has been shown to regulate follicular cell fate determination during oogenesis. Here we show that CF2 is also expressed in the developing muscles of the embryo where it first appears at stage 12 at the time of skeletal myoblast fusion. Later it is expressed in all muscle lineages including skeletal, visceral and cardiac. Epistatic analysis showed that CF2 expression is dependent on the myogenic factor MEF2. q
Results
The Drosophila CF2 zinc finger protein was first identified through its role in dorsoventral pattern formation during oogenesis Hsu et al., 1996) . We have also noted that CF2 mRNA is expressed during embryogenesis . Here we report on the tissue-specific expression of CF2 protein in the Drosophila embryo.
As shown in Fig. 1A , no appreciable levels of CF2 protein are detected at early embryonic stages up to stage 11, that is about 7 h after egg laying at 258C (AEL, the staging is based on Campos-Ortega and Hartenstein, 1997). Low-level CF2 expression is first detected at early to mid-stage 12 (8-9 h AEL; Fig. 1B ) in visceral and somatic mesoderm, immediately following germband retraction. This temporal pattern coincides with or immediately follows the onset of myoblast fusion (7.5-8 h AEL; Abmayr et al., 1995) . At stage 13 (ca. 9-10 h AEL), CF2 expression in skeletal muscle cells become clearly discernible with increased nuclear localization (Fig. 2E) . At later stages, CF2 is distinctively localized in the nuclei of all skeletal muscles (Fig. 1C-F) . The pattern of staining in these embryos reflects the evolving pattern of somatic muscles.
We next examined the expression of CF2 in visceral muscles at a higher resolution. At stage 13, CF2 is expressed in a strip of visceral mesodermal cells on either side of the embryo ( Fig. 2A) . These two strips of cells provide a substrate for the elongating anterior and posterior midgut as well as a reservoir of visceral muscle cells that will form the midgut lining (Bate, 1993) . At stages 14 and 15, CF2 expression is detected in the lining of midgut (black arrows in Fig. 2B -C) as well as in the foregut (ES in Fig. 2C ). Also, strips of CF2-expressing cells are observed along the surface of the midgut (magnified sections in Fig. 2C ). They might potentially serve as a reservoir for lining the expanding midgut surface. Unlike that in skeletal muscles, CF2 expression in the gut lining fades after stage 16 (ca. 13 h AEL; open arrow in Fig. 2D ).
In the cardiac tissue, CF2 is also expressed at later stages. No CF2 expression is detected in the cardioblasts before stage 13 (Figs. 1B and 2E), although cardiac precursor cells are already specified before germband retraction at stage 11 (Gajewski et al., 1997; Nguyen and Xu, 1998) . Strong cardiac expression of CF2 appears at stage 14 ( Fig.  2F ) and persists during the formation and completion of the heart tube ( Fig. 2G and H) . There is no CF2 expression in the pericardiac cells.
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1 Present address: Dipartimento di Biologia, Universita di Roma 'Tor Vergata', Rome 00133, Italy. muscle cells resembles that of the D-MEF2 protein, although the onset of D-MEF2 expression is much earlier Lilly et al., 1995) . This suggests that CF2 expression could be dependent on the earlier activity of D-MEF2. Indeed, CF2 protein is not detectable at stage 11 (6-7 h AEL; Figs. 1A and 3A), when D-MEF2 is present in both somatic and visceral mesoderm (Fig. 3A) . At later stages, the two proteins show the same expression pattern in visceral, skeletal and cardiac muscle nuclei (Fig. 3B-D) . In the protein-null D-mef2
22-21 mutant that prevents the formation of all muscles (although not of muscle precursors; Bour et al., 1995) , CF2 expression is abolished in all muscle lineages (Fig. 2E) . Conversely, Df(2L)g 27 , which deletes the CF2 coding region and approximately 20 kb of DNA upstream of the CF2 gene, has no effect on D-mef2 expression (Fig. 2F) . These results establish the fact that D-meF2 expression occurs independent of CF2 and demonstrate that the CF2 transcription factor is downstream of D-meF2 in the hierarchy of myogenic transcription factors.
Myogenesis in Drosophila and in vertebrates is a multistep process. One of the key regulatory genes in both insect and vertebrate muscle development is the MADS-box gene mef2. However, only a few myogenic regulators downstream of D-mef2 have been identified, including muscleblind and lame duck (Artero et al., 1998; Duan et al., 2001 ). In addition, one novel D-mef2 downstream gene has been verified from a direct comparison of gene expression patterns between wild-type and D-mef2 mutants (Taylor, 2000) . It is worth noting that the recent microarray analysis of myogenic gene expression did not encompass all known Drosophila genes such as CF2 (Furlong et al., 2001) . Our demonstration of CF2 expression in skeletal, visceral and cardiac muscles and its potential role as a downstream regulator of D-mef2 should help expand future studies on the myogenic processes. 22-21 has been described previously .
Antibody staining
Three independently produced anti-CF2 antibodies were used and they yielded the same staining patterns. The affinity-purified rabbit polyclonal antibody has been described (Hsu et al., 2001 ) A polyclonal anti-CF2 antibody was generated from rat against the CF2 protein isoform II Hsu et al., 1992) . The mouse monoclonal antibody has been described (Hsu et al., 1996) . The anti-D-MEF2 antiserum was kindly provided by Dr H. Nguyen, Albert Einstein College of Medicine. The method for whole-mount immunostaining was described (Mantrova and Hsu, 1998; Hsu et al., 2001) . ) both D-MEF2 and CF2 are absent. (F) D-MEF2 protein expression in the Df(2L)g 27 mutant. The deletion mutant was generated by imprecise P-element excision after g-irradiation of the starter strain P[lacZ, ry 1 ] CB25A , cn; ry -(J. Tower, personal communication). The original P-element insertion was mapped 5-10 kb upstream of CF2 and the resulting deletion removes more than 20 Kb, including the entire CF2 coding region (S. Bolshakov and F. Kafatos, personal communication). CF2 protein is not detectable whereas D-MEF2 protein is expressed and localized normally.
